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Summary 

This  study  examined  dose-response  relationships  between  acti¬ 
vated  recombinant  factorVII  (rFVIIa)  and  (I)  in  vivo  haemostasis 
and  (2)  in  vitro  measures  of  coagulation  and  platelet  function.An- 
esthetized  swine  were  used.  Ear  bleeding  time  (BT)  was 
measured  and  blood  was  sampled  following  increasing  doses  of 
rFVIIa  (0, 90,  1 80, 360  and  720  pg/kg;  n  =  6)  or  saline  (n  =  6).  BT 
was  not  altered  by  rFVIIa.  Prothrombin  time  (PT)  using  standard 
or  pig-specific  methods  was  decreased  by  rFVIIa. Activated  clot¬ 
ting  time  (ACT)  was  decreased  by  rFVIla.Thromboelastography 
using  collagen  (COLL)  or  pig  thromboplastin  (p-ThP)  as  agonist 
demonstrated  shorter  reaction  times,  shortened  time  to  reach 
maximum  velocity  of  clot  formation,  and  increased  a-angle  in 
the  presence  of  rFVIIa.  rFVIIa  dosing  increased  maximum  veloc- 
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ity  of  clot  formation  when  p-ThP  was  used  to  initiate  the  reac¬ 
tion  but  not  when  COLL  was  used.  rFVIIa  at  the  highest  concen¬ 
tration  increased  maximum  amplitude  when  COLL  was  used  to 
initiate  the  reaction.  Platelet  aggregation  was  not  altered  by 
rFVIIa.  Following  completion  of  the  dose  escalation  phase,  a  se¬ 
vere  liver  injury  was  produced.  rFVIIa  altered  neither  blood  loss 
nor  survival  time  following  injury  but  improved  mean  arterial 
pressure.A  small  increase  in  systemic  thrombin-antithrombin  III 
complex  occurred  after  administration  of  rFVIIa  at  doses  of  1 80 
pg/kg  and  above.  However,  there  was  no  histological  evidence  of 
intravascular  coagulation  after  rFVIIa  administration.  In  sum¬ 
mary,  rFVIIa  activity  was  detectable  in  vitro  but  did  not  change 
haemostasis  in  normal  swine. 
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Introduction 

Activated  recombinant  factorVII  (rFVIIa)  has  been  widely  used 
to  treat  bleeding  complications  in  haemophilia  patients.  Recent 
reports  suggest  broader  applications  ( 1).  Currently,  there  is  great 
interest  in  the  potential  for  use  of  rFVIIa  in  the  treatment  of 
haemorrhage  after  trauma  (2,  3).  However,  use  for  trauma  is  by 
no  means  proven  and  advances  in  this  area  will  continue  to 
require  experimental  study. 

The  few  experimental  studies  published  that  examine  the  use 
of  rFVIIa  in  trauma  have  exclusively  used  swine.  In  one  study, 
severe  liver  injuries  were  induced  in  swine  made  coagulopathic 
by  haemodilution  and  hypothermia;  animals  received  either  1 80 


|ig/kg  rFVIIa  or  saline  in  addition  to  gauze  packing.  Blood  loss 
was  reduced  when  rFVIIa  was  used  (4).  A  similar  study  demon¬ 
strated  that  either  1 80  |ig  or  720  jag/kg  rFVIIa  reduced  blood  loss 
in  coagulopathic  pigs  (5).  In  pigs  with  normal  coagulation, 
rFVIIa  decreased  blood  loss  following  liver  injury  in  one  study 
(6)  but  not  in  two  others  (7,  8). 

There  appears  to  be  two  mechanisms  by  which  rFVIIa  acts  at 
pharmacologically  relevant  doses.  One  mechanism  has  been  de¬ 
scribed  that  involves  direct  binding  of  rFVIIa  to  activated  pla¬ 
telets  (9).  This  leads  to  the  generation  of  small  amounts  of  acti¬ 
vated  factor  X  and  subsequently  thrombin,  resulting  in  platelet 
activation,  granule  release,  and  further  recruitment  of  platelets 
(9).  The  other  mechanism  of  action  requires  binding  of  rFVIIa  to 
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exposed  tissue  factor  on  an  appropriate  surface  followed  by 
enzymatic  activation  of  factor  X  (10).  The  tissue  factor-FVIIa  in¬ 
teraction  is  species-specific  (11,12).  For  example,  human  factor 
VII  (FVII)  appears  to  have  reduced  activity  when  exposed  to  por¬ 
cine  thromboplastin  (11,  12).  Furthermore,  standard  in  vitro  co¬ 
agulation  tests  commonly  use  as  a  tissue  factor  source  rabbit 
brain  thromboplastin,  which  reacts  differently  with  human  ver¬ 
sus  pig  plasma  (11).  When  rabbit-derived  reagents  are  used  to 
assay  pig  blood  that  contains  human  rFVIIa,  yet  a  third  species  is 
introduced  into  the  assay  system.  This  may  produce  a  situation  in 
which  a  given  dose  of  rFVIIa  has  more  apparent  activity  in  pig 
blood  when  measured  by  in  vitro  tests  than  the  same  dose  has  in 
vivo  when  exposed  solely  to  pig  tissue  factor.  This  could  compli¬ 
cate  interpretation  of  results. 

This  study  was  conducted  to  determine  the  effects  of  increas¬ 
ing  doses  of  rFVIIa  on  in  vivo  haemostasis  and  in  vitro  measures 
of  coagulation  and  platelet  function  using  species-specific  as¬ 
says  in  swine  with  normal  coagulation  function. 

Methods 

Experimental  procedures  were  conducted  in  two  phases.  The  ob¬ 
jective  of  the  first  phase  (Dose  Escalation  Phase)  was  to  deter¬ 
mine  the  effects  of  increasing  doses  of  rFVIIa  on  capillary  bleed¬ 
ing  time  and  in  vitro  haemostatic  parameters  using  species-spe¬ 
cific  procedures.  The  second  phase  (Injury  Phase)  was  a  pilot 
study  of  the  effects  of  rFVIIa  pretreatment  on  the  response  to  se¬ 
vere  liver  laceration. 

Animals 

Crossbred  commercial  swine  (Duroc  x  Musclor  x  Large  White  x 
Yorkshire)  weighing  37.2  ±  0.8  kg  (mean  ±  SEM)  were  used  in 
this  study.  Animals  were  maintained  in  a  facility  accredited  by 
the  Association  for  the  Assessment  and  Accreditation  of  Labora¬ 
tory  Animal  Care,  International.  This  study  was  approved  by  the 
Institutional  Animal  Care  and  Use  Committee  of  the  US  Army 
Institute  of  Surgical  Research,  Fort  Sam  Houston,  Texas.  Ani¬ 
mals  received  humane  care  in  accordance  with  the  Guide  for  the 
Care  and  Use  of  Laboratory  Animals  (National  Institutes  of 
Health  publication  86-23,  revised  1996). 

Animals  were  assigned  randomly  to  treatment  groups.  Treat¬ 
ment  consisted  of  either  1 )  increasing  doses  of  rFVIIa  (rFVIIa 
group;  n  =  6),  or  2)  repeated  infusions  of  physiological  saline  (sa¬ 
line  group;  n  =  6).  Investigators  were  blinded  to  treatment.  Swine 
were  fasted  for  24  to  36  hours  before  the  procedure,  with  water 
continuously  available.  Animals  were  sedated  using  glycopyrro- 
late,  tiletamine  HC1,  and  zolazepam.  They  were  then  intubated 
and  anesthetized  (isoflurane  in  oxygen)  using  a  closed  circuit 
system  with  mechanical  ventilation.  Digital  temperature  probes 
were  placed  on  each  ear,  and  heat  lamps  were  positioned  to  main¬ 
tain  ear  temperature  between  40  and  41°C.  An  infusion  catheter 
was  placed  occlusively  in  a  femoral  vein  and  advanced  to  the 
caudal  vena  cava.  An  8.5  Fr  catheter  introducer  was  shortened  to 
3  cm  and  placed  occlusively  in  a  femoral  artery  for  blood  sam¬ 
pling.  The  opposite  femoral  artery  was  catheterized  occlusively 
using  a  Paratrend7+  Multiparameter  Sensor-catheter  (Diamet- 
rics  Medical  Inc.,  Roseville,  Minnesota)  attached  to  aTrendcare 
TCM  7000  blood  gas  monitoring  system  (Diametrics  Medical 


Inc.,  Roseville,  Minnesota)  for  continuous  monitoring  of  body 
temperature  and  blood  pH.  A  port  in  the  Paratrend7+  catheter 
was  coupled  to  a  continuous  data  collection  system  (Micro- 
Med®,  Louisville,  KY)  for  monitoring  blood  pressure  and  heart 
rate.  Laparotomy,  splenectomy,  and  cystotomy  were  performed 
on  each  pig.  To  compensate  for  removal  of  the  spleen,  each  ani¬ 
mal  was  infused  with  lactated  Ringer’s  solution  at  a  volume 
equivalent  to  three  times  the  spleen  weight.  Animals  were  stabil¬ 
ized  for  20  minutes  at  a  body  temperature  of  38.5  to  39.5°C,  a 
blood  pH  of  7.37  to  7.43,  and  a  mean  arterial  pressure  (MAP)  be¬ 
tween  50  and  80  mm  Hg. 

Dose  escalation  phase 

Treatment  administration 

Treatments  were  administered  at  0,  20,  40,  60,  and  80  minutes. 
Treatments  were  infused  via  the  femoral  vein  catheter  over  a 
four-minute  period  using  a  PHD  2000  infusion  pump  (Harvard 
Apparatus,  Natick,  MA).  A  four-minute  circulation  period  was 
allowed  prior  to  further  procedures.  Doses  of  rFVIIa  were  calcu¬ 
lated  to  provide  the  following  cumulative  effective  doses:  0  pg/ 
kg  at  time  0,  90  pg/kg  at  20  minutes,  1 80  pg/kg  at  40  minutes, 
360  pg/kg  at  60  minutes,  and  720  pg/kg  at  80  minutes.  Dose  cal¬ 
culations  accounted  for  an  estimated  half-life  for  rFVIIa  of  147 
minutes  in  the  circulation  (13),  with  the  assumption  that  half-life 
was  similar  between  humans  and  swine.  The  actual  doses  admin¬ 
istered  at  each  respective  time  point  were:  0  pg/kg,  90  pg/kg,  96 
pg/kg,  192  pg/kg,  and  384  pg/kg  at  0, 20, 40, 60,  and  80  minutes. 

Ear  bleeding  times 

Ear  bleeding  time  (BT)  was  determined  at  baseline  and  after  each 
treatment  administration  and  circulation  period.  BT  was  per¬ 
formed  simultaneously  in  both  ears  by  completely  penetrating 
each  using  a  #1 1  scalpel  blade.  The  mean  of  the  two  ears  was  rec¬ 
orded  as  BT.  Filter  paper  was  used  to  wick  away  blood  during  the 
procedure. 

In  a  pilot  experiment,  the  sensitivity  of  the  BT  procedure  was 
assessed  in  three  additional  anesthetized  pigs  in  which  activated 
clotting  time  (ACT)  was  extended  by  infusing  heparin  and  re¬ 
versed  by  infusing  protamine  sulfate.  At  baseline,  BT  and  ACT 
were  158  ±  88  (mean  ±  SEM)  and  99  ±  95  seconds,  respectively. 
Following  heparin,  BT  and  ACT  were  3 1 7  ±  88  and  636  ±  95  sec¬ 
onds,  respectively.  Protamine  decreased  BT  to  156  ±  88  seconds 
and  ACT  to  145  ±  95  seconds. 

Injury  phase 

The  peritoneal  cavity  was  suctioned  immediately  before  induc¬ 
tion  of  the  liver  injury  (at  100  minutes).  Using  a  specially  de¬ 
signed  instrument  ( 14),  a  penetrating  laceration  was  made  in  the 
right  central  portion  of  the  liver  such  that  the  right  medial  lobar 
vein  was  lacerated  approximately  3  cm  distal  to  the  vena  cava. 
The  abdomen  was  temporarily  closed  and  the  animal  was  moni¬ 
tored  without  resuscitation.  At  60  minutes  post-injury,  surviving 
animals  were  euthanized.  Following  euthanasia  or  earlier  death, 
intraperitoneal  blood  was  quantitated. 

Blood  sampling 

Blood  samples  were  collected  by  inserting  a  20  cm  single-use  ca¬ 
theter  made  from  Tygon®  tubing  (I.D.  0.9  mm;  Saint  Govaine 
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Performance,  Akron  OH)  into  the  self-sealing  port  of  the  ca¬ 
theter  introducer  and  gently  withdrawing  the  blood  to  minimize 
shear-induced  platelet  activation.  The  first  3  ml  of  blood  was  dis¬ 
carded.  In  the  Dose  Escalation  Phase,  blood  samples  were  col¬ 
lected  at  baseline  and  after  each  respective  treatment  infusion 
and  circulation  period.  In  the  Injury  Phase,  a  blood  sample  was 
collected  at  30  minutes  post-injury.  Except  for  thromboel- 
astography  (TEG)  samples,  blood  was  anticoagulated  with  3.2% 
sodium  citrate  at  1  part  citrate  solution  to  9  parts  blood. 

At  each  time,  hematocrit,  platelet  count,  fibrinogen  concen¬ 
tration,  factor  VII  activity,  standard  prothrombin  time  (PT),  acti¬ 
vated  partial  thromboplastin  time  (aPTT),  pig-specific  PT 
(pPT),  thrombin-antithrombin-III  complex  (TAT)  concentration, 
and  activated  clotting  time  (ACT)  were  determined.  At  baseline, 
after  the  1 80  ug/kg  and  720  ug/kg  doses,  and  at  30  minutes  post¬ 
injury,  thromboelastography  (TEG)  and  platelet  aggregometry 
were  also  performed. 

Standard  laboratory  procedures 

Hematocrit  (Hct)  and  platelet  (PLT)  counts  were  performed  as 
direct  measurements  using  the  ABX  Pentra  120  hematology  ana¬ 
lyzer  (ABX  Diagnostics,  Inc.,  Irvine,  CA).  ACT  was  performed 
using  the  Hemochron  Response  (International  Technidyne 
Corp.,  Edison,  NJ),  according  to  manufacturer’s  instructions. 
FVII  activity  was  measured  with  a  one-stage  clotting  assay 
(FVIEC)  using  an  ACL  Futura  Coagulation  System  (Instrumen¬ 
tation  Laboratory,  Lexington,  MA).  For  the  assay,  normal  and 
FVII  deficient  human  plasma  standards  and  rabbit  brain  throm¬ 
boplastin  reagent  provided  by  the  manufacturer  were  used.  The 
ACL  Futura  methodology  reports  results  in  percent  activity.  Per¬ 
centages  were  divided  by  100  to  convert  to  U/ml.  Samples  were 
diluted  as  necessary  according  to  manufacturer  specifications. 
Mean  FVII  activity  was  1 .06  ±  0.07  U/ml  for  pooled  normal  pig 
plasma,  with  intra-assay  and  interassay  coefficients  of  variation 
(CV)  of  2.7%  and  4.9%,  respectively.  Standard  prothrombin 
time  (PT;  using  commercial  rabbit  brain  reagent),  activated  par¬ 
tial  thromboplastin  time  (aPTT),  and  fibrinogen  concentrations 
were  determined  at  3  7°C  using  the  ACL  F utura  Coagulation  Sys¬ 
tem  according  to  manufacturer’s  instructions.  Mean  clotting 
time  for  the  standard  PT  assay  using  pooled  normal  pig  plasma 
was  12.87  ±0.15  sec,  with  intra-assay  and  interassay  CV  of  1.2% 
and  4.7%,  respectively.  Mean  aPTT  using  pooled  normal  pig 
plasma  was  14.40  ±  0.38  sec,  with  intra-assay  and  interassay  CV 
of  1.2%  and  2.6%,  respectively.  Fibrinogen  concentration  for 
pooled  normal  pig  plasma  was  215.0  ±  13.8  mg/dL,  and  intra¬ 
assay  and  interassay  CV  were  6.4%  and  11.4%,  respectively. 
Thrombin-antithrombin  III  complex  (TAT)  concentrations  were 
quantitated  using  the  Enzygnost  TAT  micro  enzyme  immunoas¬ 
say  (Dade  Behring,  Marburg,  Germany),  which  has  previously 
been  demonstrated  to  cross-react  with  porcine  TAT  (15).  Intra¬ 
assay  CV  was  5.6%  and  interassay  CV  was  10.3%  for  a  pig  plas¬ 
ma  pool  containing  38.4  ±1.6  ng/rnl  TAT. 

Species-specific  PT 

Preparation  of  pig  thromboplastin  (p-ThP) 

Brains  were  collected  from  slaughterhouse  pigs  and  stored  at 
4°C  in  0.9%  saline  until  washing  with  0.9%  saline  and  removal 
of  large  blood  vessels.  Each  brain  was  homogenized  in  500  ml  of 


phosphate-buffered  saline  (PBS)  for  five  minutes  at  full  speed  in 
a  Waring  (Torrington,  CT)  commercial  blender  and  the  homo¬ 
genate  placed  into  50  ml  conical  vials  and  centrifuged  for  15 
minutes  at  2100  x  g.  The  resulting  supernatants  were  retained  as 
p-ThP,  pooled,  and  frozen  at  -20°C  in  1  ml  aliquots. 

Modified  PT  assay 

p-ThP  was  thawed  and  centrifuged  at  2100  x  g  for  5  minutes. 
Supernatant  was  collected  and  diluted  1:20  with  HEPES  buffer 
(Sigma,  St.  Louis,  MO)  containing  100  pM  25%  phosphatidyl¬ 
choline:  75%  phosphatidylserine  (PCPS)  lipid  vesicles  (Haerna- 
tologic  Technologies,  Essex  Junction,  VT),  and  equilibrated  for 
10  minutes  at  39°C.  Assays  were  performed  at  39°C  using  a 
Beckman-Coulter  (Fullerton,  CA)  DU640  spectrophotometer 
equipped  with  a  temperature-controlled  cuvette  holder.  To  per¬ 
form  the  procedure,  200  pi  of  pig  plasma  and  400  pi  of  diluted 
p-ThP  were  added  to  each  prewarmed  cuvette  and  allowed  to 
equilibrate  for  two  minutes.  The  reaction  was  initiated  by  the  ad¬ 
dition  of 200  pi  of  CaCl2.  Absorbance  measurements  were  made 
at  880  nrn  every  0.4  seconds  for  a  total  of  120  seconds.  Mean  clot 
formation  time  for  pooled  normal  pig  plasma  was  35.2  ±  0.7  sec¬ 
onds.  Intra-assay  and  inter-assay  coefficients  of  variation  were 
5.1%  and  6.5%,  respectively. 

Thromboelastography 

TEG  monitors  changes  in  the  viscoelastic  properties  of  a  form¬ 
ing  clot.  Blood  is  delivered  into  a  sample  cup  and  clotting  initi¬ 
ated  spontaneously  or  using  various  agonists.  A  pin  is  suspended 
in  the  blood  by  a  torsion  wire  and  monitored  for  motion  as  the  pin 
is  repeatedly  rotated  through  the  blood  in  a  10-second  cycle.  In¬ 
creased  blood  viscosity  increases  resistance  to  pin  rotation  and 
deflects  the  pin.  The  deflection  is  translated  into  output 
measured  in  mm  of  amplitude,  which  increases  as  blood  viscos¬ 
ity  increases.  Various  standard  parameters  are  calculated,  includ¬ 
ing  reaction  time  (R),  coagulation  time  (K),  a-angle,  maximum 
amplitude  (MA),  and  time  to  reach  MA  (tMA).  R  reflects  the 
period  of  latency  from  the  start  time  to  initial  clot  formation.  K 
reflects  the  time  from  R  until  a  standardized  level  of  clot  firm¬ 
ness  is  reached  (amplitude  =  20  mm).  The  a-angle  is  a  measure 
of  the  kinetics  of  clot  development.  MA  is  the  maximum  ampli¬ 
tude  attained  and  reflects  the  maximum  firmness  of  the  clot.  For 
further  description  see  Chandler  (16). 

Two  additional  TEG  parameters  were  calculated,  maximum 
velocity  (MaxVel),  and  time  to  MaxVel  (tMaxVel).  Calculations 
were  made  using  a  variation  of  the  methods  reported  by  Sorensen 
et  al.  (17).  Amplitude  data  were  recorded  at  5  second  intervals. 
Velocity  of  clot  formation  was  calculated  every  five  seconds 
based  on  the  change  in  amplitude  within  a  30  second  window 
spanning  15  seconds  on  either  side  of  each  time  point.  The  hig¬ 
hest  velocity  within  a  given  TEG  run  was  termed  MaxVel  and  ex¬ 
pressed  in  mm/min.  The  time  at  the  occurrence  of  MaxVel  was 
designated  tMaxVel  and  expressed  in  minutes. 

TEG  was  performed  at  each  blood  sampling  time,  except  im¬ 
mediately  following  the  90  and  360  pg/kg  doses.  The  assay  was 
performed  at  39°C  using  the  model  5000  TEG  (Haemoscope, 
Skokie,  IL).  Fifty  pi  of  p-ThP  diluted  1:250  with  0.9%  saline  or 
100  pg/ml  equine  tendon  collagen  (COLL;  Helena  Laboratories, 
Beaumont,  TX)  were  preloaded  into  each  reaction  cup.  The  final 
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dilution  of  p-ThP  in  the  reaction  mixture  was  1:1750.  The  final 
collagen  concentration  in  the  reaction  mixture  was  14  pg/ml. 
TEG  was  performed  using  50  pi  of  saline  as  a  control  to  allow 
confirmation  that  the  clotting  observed  in  response  to  the  two 
agonists  was  predominantly  due  to  agonist  activity,  as  opposed  to 
contact  with  the  cup  wall.  Unaltered  whole  blood  (300  pi)  was 
delivered  to  each  cup  within  one  minute  of  collection  to  initiate 
clotting.  The  procedure  was  terminated  shortly  after  MA  was  at¬ 
tained. 

TEG  was  performed  in  triplicate.  The  single  value  for  each 
calculated  TEG  parameter  was  derived  by  averaging,  with  elim¬ 
ination  of  a  single  value  when  the  CV  exceeded  10%.  Using 
p-ThP  as  agonist,  the  mean  CV  within  replicates  (intra-assay) 
were  4.9%,  5.5%,  5.2%,  4.4%,  1.9%,  3.1%,  and  5.7%  for  Max- 
Vel,  tMaxVel,  R,  K,  a-angle,  MA,  and  tMA,  respectively.  Mean 
CV  were  similar  for  COLL. 

The  dilution  of  p-ThP  used  was  selected  to  be  dilute  enough 
to  optimize  sensitivity  to  rFVIIa  activity  (17),  while  ensuring 
that  the  tissue  factor  pathway  would  be  dominant  over  reactions 
initiated  by  contact  with  the  cup  wall  (intrinsic  pathway).  A  ti¬ 
tration  was  performed  to  characterize  the  response  to  a  series  of 
p-ThP  dilutions.  Blood  was  collected  via  catheter  from  four  ad¬ 
ditional  anesthetized  swine.  Whole  blood  was  delivered  to  TEG 
cups  containing  diluted  p-ThP  to  yield  final  dilutions  of  1:7, 
1:175,  1:350,  1:700,  1:1750,  and  1:3500.  The  dose-response  re¬ 
lationship  between  p-ThP  dilutions  and  clot  formation  velocity 
profiles  was  similar  to  that  reported  for  tissue  factor  dilutions  in 
human  blood  (17).  The  dilution  used  in  the  present  study  gave 
satisfactory  sensitivity  to  rFVIIa. 

Platelet  aggregometry  (PA) 

PA  was  performed  in  triplicate  using  a  PACKS-4  optical  platelet 
aggregometer  (Helena  Laboratories,  Beaumont,  TX).  Standard 
adenosine  diphosphate  (ADP;  Helena  Laboratories,  Beaumont, 
TX)  and  COLL  reagent  solutions  containing  50  mM  CaCl2  were 
used.  Stock  preparations  of  these  agonists  were  used  undiluted 
and  diluted  1:5,  1:10,  and  1:20  with  PBS.  This  yielded  concen¬ 


trations  of  20, 4, 2,  and  1  pM  for  ADP  and  10, 2, 1,  and  0.5  pg/ml 
for  COLL,  respectively,  in  the  final  platelet  rich  plasma  reaction 
mixture.  Citrated  blood  was  centrifuged  at  200  x  g  to  yield  pla¬ 
telet  rich  plasma  and  at  1 000  x  g  to  produce  platelet  poor  plasma. 
All  reactions  were  performed  at  39°C  using  prewarmed  reagents. 
Platelet  poor  plasma  was  used  to  represent  1 00%  aggregation  for 
each  sample.  To  initiate  aggregation,  50  pi  agonist  solution  was 
added  to  450  pi  stirring  platelet  rich  plasma. 

Pathology 

Samples  from  kidney,  lung,  mesentery,  heart,  and  skeletal 
muscle  were  collected  within  10  minutes  post-mortem  and  fixed 
in  formalin.  All  samples  were  embedded  in  paraffin,  sectioned, 
and  stained  using  hematoxylin  and  eosin,  Masson’s  Trichrome, 
and  phosphotungsten  acid  hematoxylin.  Tissues  were  examined 
under  light  microscopy  by  a  board-certified  veterinary  pathol¬ 
ogist  who  was  blinded  to  treatment  group. 

Statistical  analysis 

Continuous  data  were  analyzed  by  analysis  of  variance  using  the 
General  Linear  Models  (GLM)  procedure  of  SAS  (18).  Where 
parameters  were  monitored  over  time,  such  as  MAP,  TAT,  and 
others,  effects  of  rFVIIa  and  injury  were  examined  accounting 
for  the  repeated  nature  of  the  measurements.  When  examining 
within  group  changes  over  time,  a  new  variable  was  generated  by 
subtracting  the  time  0  value  from  each  subsequent  value  within 
each  animal.  These  variables  were  used  in  statistical  analysis  but 
not  listed  in  results.  All  appropriate  data  are  expressed  as  mean  ± 
SEM.  Discrete  data,  such  as  survival,  were  analyzed  by  Fisher’s 
Exact  Test  using  the  FREQ  procedure  of  SAS. 

Results 

MAP  was  not  affected  by  treatment  during  the  dose  escalation 
phase  (Fig.  1).  Ear  capillary  BT  was  not  affected  by  treatment  at 
any  dose  and  averaged  139  ±  6  seconds  across  times  and  treat¬ 
ment  groups. 


Figure  I:  Mean  arterial  pressure  in  re¬ 
sponse  to  increasing  doses  of  rFVIIa 
(0,  90,  1 80,  360  and  720  pg/kg)  followed 
by  severe  liver  injury.  ^Significant  (p<.05) 
difference  between  treatment  groups. 
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Figure  2:  Plasma  FVII  levels  following 
rFVIIa  treatment  (0,  90,  180,  360  and 
720  Mg/kg)  and  30  minutes  post-liver  in¬ 
jury.  ^Significant  (p<.0 1 )  difference  between 
treatment  groups. 


Figure  3:  Standard  and  species-specific 
PT  following  rFVIIa  treatment  (0,  90, 
180,  360  and  720  pg/kg)  and  30  minutes 
post-liver  injury.  *Significant  (p<.0 1 )  differ¬ 
ence  between  treatment  groups. 


A  progressive  increase  in  FVII  activity  was  observed  with 
each  increasing  dose  of  rFVIIa,  followed  by  a  decline  at  30  min¬ 
utes  post-injury  (p<.01;  Fig.  2).  There  was  no  effect  of  either 
rFVIIa  or  injury  on  Hct,  PLT  or  fibrinogen  concentration.  Over¬ 
all  mean  Hct,  fibrinogen,  and  PLT  were  25.6  ±  0.9%,  1 72  ±  2  mg/ 
dL,  and  384  ±  11  x  103/pl,  respectively.  The  coagulation  times 
obtained  from  both  the  standard  and  pig-specific  PT  assays  de¬ 
creased  significantly  in  the  rFVIIa  group  beginning  at  the  90 
pg/kg  dose  and  remained  shorter  at  each  time  point  thereafter 
(p<.01),  with  no  additional  change  associated  with  the  injury 
phase  (Fig.  3).  Throughout  the  study  period,  aPTT  was  lower  in 
the  rFVIIa  than  in  the  saline  group,  with  baseline  means  of  12.2 
±  0.2  and  14.6  ±  0.3  seconds,  respectively  (p<.01),  and  no  sub¬ 
sequent  changes  in  these  baseline  values  in  either  group  through¬ 
out  the  study.  There  were  no  differences  in  TAT  concentration  be¬ 
tween  groups  at  any  time  studied  (Fig.  4).  When  examined  on  the 
basis  of  within  group  change  from  baseline,  TAT  was  increased 
by  both  rFVIIa  administration  and  by  injury  (Fig.  4). 

TEG  results  for  p-ThP  and  COLL  are  depicted  in  tables  1  and 
2,  respectively.  Initial  clot  formation  time  (R)  was  consistently 


shortened  by  rFVIIa,  regardless  of  agonist.  When  p-ThP  was 
used,  clot  development  progressed  more  rapidly  after  rFVIIa 
treatment,  as  reflected  by  increased  MaxVel  and  a-angle  and 
shortened  tMaxVel  and  tMA  (Table  1).  Using  COLL,  tMaxVel 
was  decreased  and  both  a-angle  and  MA  were  increased  by 
rFVIIa  treatment  (Table  2).  At  30  minutes  post-injury,  MaxVel 
increased  (p<.05 )  in  the  rFVIIa  group  when  COLL  was  the  agon¬ 
ist.  Using  p-ThP,  MaxVel  for  both  groups  decreased  following 
injury,  such  that  the  rFVIIa  group  mean  was  no  longer  greater 
than  baseline  and  the  saline  group  mean  declined  below  its  re¬ 
spective  within  group  baseline  (p<.05).  Also  following  injury, 
tMaxVel  and  R  were  increased  (p<.01)  compared  to  baseline 
within  the  saline  group.  In  the  rFVIIa  group,  tMaxVel  remained 
statistically  shorter  than  baseline,  while  R  increased  such  that  it 
was  no  longer  statistically  shorter  than  baseline  (Table  1). 

There  was  no  effect  of  rFVIIa  or  injury  on  platelet  aggre¬ 
gation  in  response  to  any  concentration  of  agonist.  Percent  pla¬ 
telet  aggregation  decreased  with  each  decreasing  agonist  con¬ 
centration.  Across  treatments  and  times,  aggregation  in  response 
to  ADP  was  43  ±  2,  19  ±  2,  9  ±  2,  and  4  ±  1%  for  concentrations 
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Figure  4: Thrombin-antithrombin  com¬ 
plex  (TAT)  following  rFVIIa  treatment 
(0,  90,  1 80,  360  and  720  pg/kg)  and  30 
minutes  post-liver  injury.  ^Significantly  dif¬ 
ferent  from  baseline  within  group  (p<.05).**Sig- 
nificantly  different  from  baseline  within  group 
(p<0l). 


of  20, 4, 2,  and  1  pM  ADP,  respectively.  Aggregation  was  77  ±  1, 
54  ±  2,  20  ±  2  and  9  ±  3%  in  response  to  10,  2,  1  and  0.5  pg/ml 
COLL.  ACT  remained  stable  in  the  saline  group  but  declined  sig¬ 
nificantly  in  the  rFVIIa  group  (Table  3). 


During  the  injury  phase,  blood  loss  was  similar  between 
groups,  with  mean  blood  losses  of  812  ±  71  ml  and  893  ±  71  ml 
for  the  rFVIIa  and  saline  groups,  respectively.  At  30  minutes 
post-injury,  MAP  declined  from  64  ±  2  mm  Hg  to  39  ±  3  mm  Hg 


Table  hThromboelastograph  parameters  using  pig  brain  thromboplastin. 


Parameter 

Treatment 

Baseline  (0  pg/kg) 

1 80  pg/kg 

720  pg/kg 

30  minutes  post¬ 
injury 

MaxVel  (mm/min) 

rFVIIa 

29.7  ±  0.8 

32.2  ±0.8* 

33.9  •  0.8 

28.9  ±  1.4 

Saline 

29.8  ±  0.8 

30.3  ±  0.8 

29.6  ±0.8 

26.5  ±  1.2* 

Between  group  p  value 

NS 

NS 

<01 

NS 

tMaxVel  (min) 

rFVIIa 

4.28  +  0.13 

3.86  ±0.1 3* 

3.51  ±0.13* 

3.74  ±  0.23* 

Saline 

4.01  ±0.12 

4.21  ±0.12 

4.26  ±0.1 2 

4.92  ±0.1 8* 

Between  group  p  value 

NS 

NS 

<01 

<01 

R  (min) 

rFVIIa 

3.41  ±0.09 

2.68  ±0.09" 

2.68  •  0.09 

2.99  ±0.1 9 

Saline 

3.14  ±0.08 

3.26  ±  0.08 

3.24  ±0.08 

3.78  ±0.1 6* 

Between  group  p  value 

<.05 

<01 

<01 

<01 

K  (min) 

rFVIIa 

0.92  ±  0.03 

0.86  ±  0.03 

0.87  ±0.03 

0.89  ±  0.06 

Saline 

0.84  ±  0.03 

0.87  ±0.03 

0.85  ±  0.03 

1.03  ±  0.04* 

Between  group  p  value 

NS 

NS 

NS 

<.05 

a-angle  (degrees) 

rFVIIa 

78.9  ±  0.5 

80.6  ±  0.5 

80.1  ±0.5* 

79.7  ±0.9 

Saline 

79.1  ±0.5 

79.4  ±0.5 

79.6  ±0.5 

77.3  ±  0.7 

Between  group  p  value 

NS 

NS 

NS 

<.05 

MA  (mm) 

rFVIIa 

74.2  ±  0.8 

74.5  ±  0.8 

73.5  ±0.8 

71.7  ±  1.3 

Saline 

73.4  ±  0.7 

74.7  ±0.7 

74.3  ±  0.7 

72.7 ±  l.l 

Between  group  p  value 

NS 

NS 

NS 

NS 

tMA  (min) 

rFVIIa 

17.34  ±0.41 

15.18  •  0.41 

14.97  ±0.41* 

15.95  ±0.75 

Saline 

16.21  ±0.37 

16.06  ±0.37 

15.47  ±0.37 

17.64  ±0.60 

Between  group  p  value 

NS 

NS 

NS 

NS 

^Significantly  different  from  baseline  within  treatment  group  (p<.05) 

^Significantly  different  from  baseline  within  treatment  group  (p<.0 1 ) 
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Table  2:  Standard  thromboelastograph  parameters  using  collagen. 


Parameter 

Treatment 

Baseline  (0  pg/kg) 

1 80  (ig/kg 

720  pg/kg 

30  minutes  post-injury 

MaxVel  (mm/min) 

rFVIIa 

ll.l  +0.6 

11.6  +  0.5 

12.1+0.5 

14.2  +  0.8" 

Saline 

10.8  +  0.5 

10.2  +  0.5 

10.3  +  0.5 

11.0  +  0.8 

Between  group  p  value 

NS 

NS 

<.05 

<01 

tMaxVel  (min) 

rFVIIa 

7.06  ±  0.22 

5.56  ±  0.20“ 

5.09  +  0.20“ 

5.24  +  0.30“ 

Saline 

6.96  ±  0.20 

7.11+0.20 

6.89  +  0.20 

7.47  +  0.30 

Between  group  p  value 

NS 

<01 

<01 

<01 

R  (min) 

rFVIIa 

5.28  +  0.19 

3.86  +  0.17" 

3.48  +  0.17“ 

3.97  +  0.27“ 

Saline 

5.06  +  0.17 

5.24  +  0.17 

5.23  +  0.17 

5.24  +  0.27 

Between  group  p  value 

NS 

<01 

<01 

<01 

K  (min) 

rFVIIa 

2.18  +  0.10 

2.08  ±  0.09 

2.03  ±  0.09 

1.78  +  0.16 

Saline 

2.41+0.09 

2.52  ±  0.09 

2.35  ±  0.09 

2.38  +  0.16 

Between  group  p  value 

NS 

NS 

NS 

NS 

a-angle  (degrees) 

rFVIIa 

61.7+  1.4 

60.7+1.2 

63.2+  1.2 

67.0+  1.9 

Saline 

59.4+  1.2 

56.0+1.2 

57.5+  1.2 

57.4+  1.9 

Between  group  p  value 

NS 

<.05 

<01 

<01 

MA  (mm) 

rFVIIa 

62.1+0.8 

64.5  ±  0.7 

64.9  +  0.7" 

65.9+  l.l 

Saline 

62.4  ±  0.7 

62.2  ±  0.7 

62.8  +  0.7 

62.4+  l.l 

Between  group  p  value 

NS 

NS 

NS 

NS 

tMA  (min) 

rFVIIa 

25.74  ±  0.66 

25.79  +  0.58 

24.14  +  0.58 

21.74+  1.17 

Saline 

26.88  ±  0.58 

27.99  +  0.58 

27.79  +  0.58 

26.45+  1.16 

Between  group  p  value 

NS 

NS 

NS 

NS 

^Significantly  different  from  baseline  within  treatment  group  (p<.05) 

**Significantly  different  from  baseline  within  treatment  group  (p<.0 1 ) 

in  the  surviving  rFVIIa  animals  and  from  68  ±  2  mm  Hg  to  21  ± 
3  mm  Hg  in  the  surviving  saline  animals,  and  was  higher  (p<.05) 
in  the  rFVIIa  group  (Fig.  1).  Post-injury  survival  time  was  simi¬ 
lar  for  the  two  groups;  animals  in  the  rFVIIa  and  saline  groups 
survived  33.5  ±  8.8  and  28.5  ±  8.8  minutes  after  injury.  Survival 
to  30  minutes  was  50%  in  each  group;  by  60  minutes  post-injury, 
33%  of  animals  survived  in  the  rFVIIa  group,  compared  with  0% 
in  the  saline  group.  No  evidence  of  intravascular  coagulation  was 
noted  during  histopathological  examination  of  collected  tissues. 

Discussion 

FVII  activity  was  elevated  in  a  dose-dependent  manner  in  the 
treated  animals,  consistent  with  previous  reports  in  humans 


(19-21)  and  swine  (5,  8).  The  decline  in  concentration  after  the 
final  dose  was  approximately  twice  that  expected  based  on  the 
half-life  of  rFVIIa  in  humans  (147  min;  13).  This  may  reflect  a 
difference  in  rFVIIa  metabolism  between  humans  and  swine,  or 
may  be  related  to  the  period  of  haemorrhagic  shock  that  followed 
the  final  rFVIIa  dose. 

Administration  of  rFVIIa  consistently  shortens  PT  in  normal 
(21),  coagulopathic  (2,  19,  22,  23),  and  anticoagulated  (21 )  hu¬ 
mans,  as  well  as  in  normal  (6-8)  and  coagulopathic  pigs  (4,  5). 
The  standard  reagent  used  to  initiate  coagulation  in  the  PT  is  rab¬ 
bit  brain  thromboplastin  (24).  A  confounding  factor  in  animal  re¬ 
search  with  rFVIIa  is  that  the  tissue  factor-FVII  interaction  is 
species-specific  (11,  12).  Because  rabbit  thromboplastin  effi¬ 
ciently  induces  coagulation  in  human  plasma  (11),  species-spe- 


Table  3:  Activated  clotting  times. 


Activated  Clotting  Time  (seconds) 

Treatment 

Baseline  (0  pg/kg) 

90  pg/kg 

180  pg/kg 

360  pg/kg 

720  pg/kg 

30  minutes  post-injury 

rFVIIa 

90.2+3.1 

80.2+3.1* 

76.9  +  3.1* 

76.0  +  3.1* 

82.2  +  3.1* 

84.2  +  3.1* 

Saline 

94.2+3.1 

98.3  +  3.1 

100.5  +  3.1 

97.8  +  3.1 

96.9  +  3.1 

98.7  ±  4.6 

*Significantly  (p<.05)  different  from  baseline  value  within  treatment 
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cificity  is  not  an  issue  in  human  clinical  practice  and  research 
with  rFVIIa.  In  studies  with  swine,  however,  species-specificity 
must  be  considered.  Both  rabbit  and  human  thromboplastins  in¬ 
duce  coagulation  more  efficiently  in  human  plasma  than  in  por¬ 
cine  plasma.  Additionally,  porcine  thromboplastin  induces  co¬ 
agulation  more  efficiently  in  porcine  plasma  than  in  human  plas¬ 
ma  ( 1 1,  12).  When  rFVIIa  is  administered  to  swine,  a  mixture  of 
native  porcine  FVIIa  and  human  rFVIIa  exists;  both  of  these 
must  react  with  pig  tissue  factor  in  vivo.  In  contrast,  both  FVIIa ’s 
must  interact  with  rabbit  tissue  factor  in  a  standard  PT  in  vitro.  It 
is  therefore  conceivable  that  a  dose  of  rFVIIa  that  is  not  active  in 
the  pig  in  vivo  could  yield  a  “false  positive"  in  vitro  when  using 
a  standard  PT  with  rabbit-derived  reagents.  To  minimize  this  po¬ 
tential  problem,  we  used  a  modified  PT  that  incorporated  p-ThP. 
Beginning  with  the  90  Lig/kg  dose,  rFVIIa  maximally  shortened 
pig-specific  PT,  suggesting  that  rFVIIa  at  90  pg/kg  in  pigs  maxi¬ 
mally  enhances  the  tissue  factor  pathway  to  the  extent  detectable 
in  a  PT.  In  humans,  5  pg/kg  rFVIIa  submaximally  shortened  PT 
while  a  10  pg/kg  dose  maximally  shortened  PT  (20).  The  dose 
required  to  submaximally  shorten  species-specific  PT  in  swine 
cannot  be  determined  from  the  present  data  but  that  dose  appears 
to  be  less  than  90  pg/kg. 

In  both  the  aPTT  and  ACT,  clotting  is  initiated  by  a  negatively 
charged  reagent  through  the  intrinsic  (factor  XII)  pathway. 
Shortened  aPTT  after  administration  of  rFVIIa  has  been  re¬ 
ported  in  humans  (2,  19,  23)  but  not  swine  (4).  Although  aPTT 
was  not  altered  by  rFVIIa  administration  in  this  study,  ACT  was 
shortened  after  rFVIIa  treatment,  with  the  effect  first  observed 
with  the  90  pg/kg  dose.  This  effect  may  have  been  due  to  direct 
activation  of  factor  X  by  rFVIIa  (25 )  but  this  is  not  probable  since 
aPTT  was  not  altered.  Alternatively,  ACT  may  have  been  short¬ 
ened  by  an  effect  of  rFVIIa  on  platelets  (9).  Tissue  factor-inde¬ 
pendent  binding  of  rFVIIa  is  believed  to  enhance  the  capacity  of 
platelets  to  generate  thrombin,  leading  to  enhanced  platelet  re¬ 
cruitment  and  clot  formation.  We  therefore  examined  the  platelet 
aggregation  response  to  maximal  and  submaximal  doses  of  ADP 
and  COLL,  hypothesizing  that  rFVIIa  may  enhance  platelet  ag¬ 
gregation  in  response  to  submaximal  agonist  doses.  We  observ¬ 
ed  no  effect  of  rFVIIa  on  platelet  aggregation,  however,  suggest¬ 
ing  either  that  platelet  function  was  not  enhanced  or  that  the 
methods  used  were  not  able  to  detect  alterations  in  function. 

In  standard  TEG,  the  clotting  reaction  is  initiated  via  the  in¬ 
trinsic  system  (16).  In  recent  years,  however,  it  has  become  ap¬ 
parent  that  the  tissue  factor  pathway  (extrinsic  system)  plays  the 
major  role  in  haemostasis  (24).  Thus,  we  used  the  physiological 
agonists  p-ThP  and  COLL  to  initiate  clotting  through  the  swine 
tissue  factor  pathway  and  through  a  cellular  mechanism,  respect¬ 
ively.  Clear  effects  of  rFVIIa  were  observed  with  TEG.  In  blood 
from  rFVIIa-treated  pigs,  initial  clot  formation  was  hastened,  re¬ 
gardless  of  agonist.  In  addition,  clot  development  proceeded 
more  rapidly  in  clots  initiated  by  p-ThP  and  maximum  clot  firm¬ 
ness  was  increased  in  clots  initiated  by  COLL.  In  patients  under¬ 
going  liver  transplantation,  rFVIIa  shortened  R  and  K,  and  in¬ 
creased  a-angle,  indicating  more  rapid  clot  initiation  and  devel¬ 
opment  (23).  In  a  previous  study  in  swine,  TEG  parameters  were 
not  affected  by  rFVIIa  (4).  In  that  study,  however,  animals  were 
haemodiluted  and  hypothermic,  which  may  have  influenced 
TEG  results.  The  present  data  confirm  in  swine  the  findings  of 


Sorensen  et  al.  (17)  that  identified  MaxVel  and  tMaxVel  as  sen¬ 
sitive  parameters  for  detecting  rFVIIa-induced  changes  in 
human  blood.  Results  also  indicate  that  sensitivity  of  MaxVel  to 
rFVIIa  may  differ  with  different  agonists. 

Despite  evidence  from  laboratory  tests  suggesting  enhance¬ 
ment  of  the  coagulation  system,  rFVIIa  did  not  alter  BT.  BT  is 
commonly  used  to  monitor  changes  in  haemostasis  associated 
with  platelet  disorders  (26).  The  reason  for  the  lack  of  effect  of 
rFVIIa  on  BT  may  have  been  that  rFVIIa  did  not  affect  platelet 
adhesion  under  the  noncoagulopathic  conditions  of  the  pig 
model  used.  This  possibility  is  supported  by  the  absence  of  an 
observable  effect  of  rFVIIa  on  platelet  aggregation. 

In  two  studies  using  swine  with  induced  coagulopathies, 
treatment  with  rFVIIa  reduced  blood  loss  when  used  as  an  ad¬ 
junct  to  packing  after  severe  liver  injury  (4,  5).  In  normal  swine, 
rFVIIa  did  not  reduce  blood  loss  after  severe  liver  injury  in  two 
studies  (7,  8),  but  did  reduce  blood  loss  in  another  (6).  In  a  study 
involving  aortic  injury,  rFVIIa  did  not  reduce  blood  loss  but  in¬ 
creased  rebleeding  pressure  after  resuscitation  (27).  In  the  pres¬ 
ent  study,  blood  loss  was  not  reduced.  Differing  results  among 
studies  may  be  explained  by  the  differing  uses  of  rFVIIa  (adjunct 
to  packing  versus  alone),  to  different  types  of  haemorrhage  (ar¬ 
terial  versus  venous),  or  to  differences  in  coagulation  status.  In 
two  of  the  three  studies  in  which  blood  loss  was  reduced  by 
rFVIIa,  the  pigs  were  coagulopathic  (4,  5).  In  studies  in  which 
blood  loss  was  unchanged,  coagulation  status  was  normal  (7,  8, 
27).  Reports  of  clinical  efficacy  of  rFVIIa  in  patients  with  nor¬ 
mal  coagulation  are  rare  (2 1 ),  while  reports  of  efficacy  in  pa¬ 
tients  with  abnormal  coagulation  have  been  numerous  (1).  It  is 
possible  that  the  potential  for  haemostatic  improvement  with 
rFVIIa  is  greater  in  the  presence  of  a  coagulopathy. 

MAP  was  not  affected  by  rFVIIa  prior  to  the  injury  phase  of 
the  experiment.  At  30  minutes  post-injury,  however,  MAP  in  the 
surviving  animals  in  the  rFVIIa  group  was  nearly  double  that  of 
the  saline  group.  Similar  findings  have  been  reported  by  some 
(7)  but  not  others  (8).  It  is  possible  that  this  increased  ability  to 
maintain  MAP  following  rFVIIa  reflects  an  increased  ability  of 
formed  clots  to  maintain  in  the  face  of  increasing  blood  pressure 
following  auto-  or  fluid  resuscitation,  as  recently  reported  in  an 
aortic  injury  model  (27).  In  spite  of  the  apparently  beneficial  ef¬ 
fect  on  MAP,  survival  was  not  affected  by  rFVIIa  in  the  present 
study. 

The  primary  safety  concern  pertaining  to  the  use  of  rFVIIa  is 
the  possibility  for  intravascular  coagulation.  Although  this  drug 
has  been  safe  to  date,  it  remains  important  to  specifically  con¬ 
sider  this  question  as  the  potential  uses  for  the  drug  expand  (2). 
In  the  present  study,  TAT,  an  indicator  of  thrombin  generation, 
was  elevated  after  rFVIIa  treatment  in  the  rFVIIa  group  and  was 
elevated  in  both  treatment  groups  after  30  minutes  of  hypoten¬ 
sion  following  severe  hepatic  injury.  Schreiber  et  al.  (8)  also  re¬ 
ported  elevated  TAT  after  rFVIIa  administration  in  swine  but 
concluded  that  intravascular  coagulation  was  not  present  be¬ 
cause  PLT  and  fibrinogen  concentrations  were  stable  and  there 
was  no  evidence  of premortem  thrombus  formation.  In  the  pres¬ 
ent  study,  neither  PLT  nor  fibrinogen  concentration  were  af¬ 
fected  either  by  rFVIIa  or  liver  injury.  TEG  results  were  equivo¬ 
cal.  Following  haemorrhage,  MaxVel  in  response  to  p-ThP  de¬ 
clined  in  both  groups  but  remained  numerically  higher  in  the 
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rFVIIa  group.  Both  R  and  tMaxVel  were  prolonged  in  the  saline 
group  but  not  the  rFVIIa  group.  These  changes  may  reflect  the 
early  stages  of  a  potentially  coagulopathic  state  resulting  from 
haemorrhage.  The  p-ThP  TEG  data  suggest  that  rFVIIa  did  not 
exacerbate  the  situation  and  may  have  been  somewhat  protective 
in  this  regard.  Histologic  examination  revealed  no  evidence  of 
intravascular  coagulation  in  either  group.  Taken  together,  these 
data  indicate  that  rFVIIa  treatment  was  associated  with  a  slight 
systemic  activation  of  thrombin.  Systemic  activation  occurred  to 
a  greater  degree  in  both  groups  as  a  result  of  severe  haemorrhage 
and  shock  but  was  still  without  apparent  consumption  of  fibri¬ 
nogen  and  platelets  in  either  treatment  group. 

We  have  demonstrated  that  in  vivo  administration  of  as  little 
as  90  pg/kg  rFVIIa  in  swine  results  in  changes  in  coagulation  that 
are  detectable  in  vitro,  using  physiologically  relevant  agonists  in 
a  variety  of  assays.  More  rapid  clot  formation  after  rFVIIa  ad¬ 
ministration  was  detected  in  both  whole  blood  and  plasma.  Des¬ 
pite  clear  evidence  of  rFVIIa  activity  in  the  porcine  system,  in 
vivo  haemostasis  was  not  measurably  altered  by  rFVIIa.  These 
results  suggest  that  rFVIIa  may  not  improve  upon  the  normal 


haemostatic  mechanism  to  produce  more  rapid  haemostasis  in 
the  absence  of  coagulopathy.  Although  there  was  a  mild  systemic 
activation  of  thrombin,  there  was  no  evidence  of  systemic  intrav¬ 
ascular  coagulation  associated  with  rFVIIa.  Human  rFVIIa  pos¬ 
sesses  sufficient  activity  in  the  porcine  system  to  allow  meaning¬ 
ful  interpretation  of  results.  The  use  of  species-specific  in  vitro 
assays  to  monitor  rFVIIa  therapy  adds  to  that  interpretation. 
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Gender  differences  in  the  administration  of  prophylaxis  to  prevent 
deep  venous  thrombosis 
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Summary 

We  investigated  gender  differences  in  the  prescription  of  pro¬ 
phylaxis  against  deep  vein  thrombosis  (DVT)  in  2,619  patients 
who  developed  acute  DVT  while  being  hospitalized  for  reasons 
other  than  DVT  or  were  diagnosed  with  acute  DVT  as  out¬ 
patients  but  who  had  been  hospitalized  within  30  days  prior  to 
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DVT  diagnosis.  Men  were  21%  more  likely  than  women  to  re¬ 
ceive  prophylaxis  (OR  1.21,95%  Cl  1.03-1.43;  p  =  0.021)  after 
adjusting  for  DVT  risk  factors,  including  surgery,  trauma,  prior 
DVT,  age,  and  cancer. 
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